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ABSTRACT 



An information processing apparatus for allowing a memory 
to be added tliereto while being powered. The apparatus 
comprises a processor, a first main memory initially con- 
nected, and a connecting switch. The switdi connects the 
processor, the first main memory, and a second main 
memory to be added. Main memory management informa- 
tion in the first main memory includes the size of memory 
resources connected to the processor. A storage region in the 
connecting switch retains information about whether or not 
the processor is connected to each of the memories. The 
seti^ allows the apparatus to use the added memory without 
having to be restarted. 
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FIG. 17 

START EXPANDABLE MEMORY INFORMATION SETTING PROCESS 
810) NORMALLY OPERATING MEMORY SIZE s NORMALLY OPERATING 
MEMORY SIZE LOWER LIMIT? 
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850) SET {NORMALLY OPERATING MEMORY SIZE X MAXIMUM RATIO> 
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MEMORY MANAGING METHOD USED IN 
ADDING MEMORY AND INFORMATION 
PROCESSING APPARATUS 

BACKGROUND OF THE INVENTION 
[0001] 1. Field of the Invention 

[0002] The present invention relates to an information 
processing apparatus capable of having its main memory 
expanded while operating. 

[0003] 2. Description of the Related Art 

[0004] Heretofore, to expand a memory of a system has 
required three steps: the system is stopped, an additional 
memory is installed, and the system is restarted. Such 
techniques are disclosed illustratively in a PC instruction 
manual, ^'Hitachi Personal Computer FLORA 101 GDI/DM: 
Your First PC (manual on hardware)," pp. 107-110 (a 
Japanese publication; Cited Reference 1). This publication 
describes the need for expanding a memory of a personal 
computer with its power cable discormected. Techniques for 
connecting a device to a system in operation are disclosed in 
"The Winn L. Rosch Hardware Bible" by Rosch, Winn L, 
pp. 347-356, published by Samsung America Incorporated 
(Cited Reference 2). The Cited Reference 2 discusses PCM- 
CIA specifications for allowing memories to be installed or 
removed while power is being applied. Other techniques for 
connecting a device to a system in operation are disclosed in 
the Jun. 2, 1997 issue of Nikkei Electronics (a Japanese 
publication), pp. 109-112 (Cited Reference 3). Discussed in 
the Cited Reference 3 are PCI bus specifications for allow- 
ing components to be attached or detached during power 
application. 

[0005] Because it has been necessary to stop power to the 
system when a memory is being added thereto, the expan- 
sion of memory resources has conventionally required 
executing two related processes: stopping the system, and 
initializing the system. In the case of the operating system 
(OS) generally used in a workstation/server environment, it 
has typically taken 30 to 60 minutes to stop and initialize the 
system, including the steps of stopping and initializing 
application software. 

[0006] One way of adding a memory during system opera- 
tion is by having recourse to a cluster system. The cluster 
system is constituted by a plurality of information process- 
ing apparatuses each performing a specific service. In this 
system, while one apparatus is being stopped, others func- 
tion to provide their services continuously. One obvious 
disadvantage of this system is the need for preparing a 
plurality of information processing apparatuses. 

SUMMARY OF THE INVENTION 

[0007] It is therefore a first object of the present invention 
to provide a memory managing method for allowing a 
memory to be added to an information processing apparatus 
in operation without preparing a plurality of information 
processing apparatuses. 

[0008] It is a second object of the invention to provide a 
memory managing method for reserving a management 
region of a first memory connected to a processor so that the 
processor may use an added second memory. 



[0009] It is a third object of the invention to provide a 
memory managing method whereby the difference between 
a predetermined memory size and a currently installed 
memory size is estabUshed as an additional memory size. 

[0010] In carrying out the invention and according to one 
aspect thereof, there is provided a memory managing 
method for use with an information processing apparatus 
comprising a first memory and a processor for processing 
information held in the first memory, the information pro- 
cessing apparatus further allowing a second memory to be 
added thereto while being powered, the memory managing 
method comprising the steps of: coimecling the processor to 
at least one of the first and the second memories; storing 
sizes of the first and the second memories connected to the 
processor; and storing information about whether or not 
each of the first and the second memories is connected to the 
processor. 

[0011] According to another aspect of the invention, there 
is provided a memory managing method for adding a second 
memory to an information processing apparatus comprising 
a first memory, the memory managing method comprising 
the steps of: establishing a total memory size for the infor- 
mation processing apparatus; calculating a size of an actu- 
ally installed memory of the information processing appa- 
ratus when the information processing apparatus is started; 
allocating in the first memory a memory management region 
based on the total memory size; establishing management 
information about the actually installed memory; calculating 
as an expandable memory size a difference between the total 
memory size and the size of the actually installed memory 
when the second memory is added while the information 
processing apparatus is operating; and establishing memory 
management information about the expandable memory size 
in the first memory. 

[0012] According to a further aspect of the invention, 
there is provided an information processing apparatus for 
allowing a memory to be added thereto wMle being pow- 
ered, the information processing apparatus comprising: a 
first memory; a processor for processing information held in 
the first memory; and establishing means for establishing a 
total memory size for the information processing apparatus; 
wherein the processor calculates a size of an actually 
installed memory of the information processing apparatus 
when the information processing apparatus is started; 
wherein the processor allocates in the first memory a 
memory management region based on the total memory 
size; wherein the processor establishes memory manage- 
ment information about the actually installed memory in the 
first memory; wherein the processor calculates as an expand- 
able memory size a difference between the total memory size 
and the size of the actually installed memory when the 
second memory is added while the information processing 
apparatus is operating; and wherein the processor establishes 
memory management information about the expandable 
memory size in the first memory. 

[0013] The above features of the invention allow a 
memory to be added to an information processing apparatus 
while the latter is operating. 

[0014] Other features, objects and advantages of the 
invention will become more apparent upon a reading of the 
following description and appended drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[OOlS] FIG. 1 is a schematic block diagram of a computer 
system embodying this inveotioci; 

[0016] FIG. 2 is an explanatory view of main memory 
management information used by the computer system of 
FIG. 1; 

[0017] FIG. 3 is a schematic block diagram of another 
computer system embodying the invention; 

[0018] FIG. 4 is a block diagram of a computer practiced 
as a first embodiment of the invention; 

[0019] FIG. 5 is a flowchart of steps constituting an 
initializing process performed by the computer of FIG. 4; 

[0020] FIG. 6 is a flowchart of steps constituting a 
memory adding process performed by the computer of FIG. 
4; 

[0021] FIG. 7 is a structure diagram of main memory 
management information used by the computer of FIG. 4; 

[0022] FIG. 8 is a data structure diagram in effect when 
virtual address control is applied to the computer of FIG. 4; 

[0023] FIG. 9 is a flowchart of steps constituting a region 
reserving process performed by the computer of FIG. 4; 

[0024] FIG. 10 is a view of a screen image showing a user 
interface of the computer of FIG. 4; 

[0025] FIG. 11 is a structure diagram of a nonvolatile 
memory used by a second embodiment and comparable to 
the nonvolatile memory of the computer in FIG. 4; 

[0026] FIG. 12 is a flowchart of steps constituting a region 
reserving process performed by the second embodiment; 

[0027] FIG. 13 is a flowchart of steps constituting an 
initializing process performed by the second embodiment; 

[0028] FIG. 14 is a flowchart of steps constituting a 
process of settiiig expandable memory size information 
performed by the second embodiment during initialization; 

[0029] FIG. 15 is a structure diagram of a nonvolatile 
memory for use by a third embodiment and comparable to 
the nonvolatile memory of the computer in FIG. 4; 

[0030] FIG. 16 is a flowchart of steps constituting a 
process allowing a user to designate configuration informa- 
tion, the process being performed by the third embodiment; 
and 

[0031] FIG. 17 is a flowchart of steps constituting a 
process of settiiig expandable memory size information 
performed by the third embodiment during initialization. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0032] Preferred embodiments of this invention will now 
be described with reference to the accompanying drawings. 

[0033] FIG. 1 schematically outlines a constitution of a 
computer as an information processing apparatus embody- 
ing the invention. The computer of FIG. 1 comprises a 
processor 10 and a main memory 20^ both connected to a 
connecting switch 50. An added main memory 60 is not 
connected to the computer when the latter starts to be 



powered; the memory 60 is connected to the connecting 
switch 50 after the computer has started operating. 

[0034] The processor 10 is illustratively a CPU. The main 
memory 20 and the added main memory 60 are illustratively 
a RAM each. Made of TTL or CMOS logic circuits, the 
connecting switch 50 is a facility that connects the processor 
10, main memory 20 and added main memory 60. The 
connecting switch 50 includes connection managing means 
40 for managing logical connection status. Specifically, the 
connection managing means 40 manages the presence and 
absence of logical connections, i.e., the availability of signal 
exchanges, between the processor 10 and the connecting 
switch 50, between the main memory 20 and the connecting 
switch 50, and between the added main memory 60 and the 
connecting switch 50. 

[0035] Management information 41 is used to manage the 
connection status of each of configured ports of the con- 
necting switch 50. In the example of FIG. 1, port 0 and port 
1 are in a connected state each. That is, logical connections 
exist between the processor 10 and the connecting switch 50, 
and between the main memory 20 and the connecting switch 
50. There is no logical connection yet between the added 
main memory 60 and the connecting switch 50. 

[0036] The connection managing means 40 is illustra- 
tively made up of TTL or CMOS logical circuits. The 
management information 41 may be held in a RAM. 

[0037] In the above computer, no signals are transmitted to 
the parts that are not logically connected. In other words, if 
logically disconnected parts are physically connected, no 
noise is transferred therebetween; no signal exchange occurs 
between two physically connected parts imless they arc 
logically connected. Upon power-up, physical and logical 
connections are established between the processor 10 and 
the connecting switch 50 as well as between the main 
memory 20 and the connecting switch 50, while the added 
main memory 60 is physically disconnected firom the con- 
necting means 50. The connecting switch 50 may be con- 
nected physically during operation but not logically. The 
added main memory 60 is first connected physically to the 
connecting switch 50 and, upon elapse of a predetermined 
period of time in which connection-triggered noise is 
allowed to disappear, the connection managing means 40 is 
updated to establish a logical connection between the 
memory 60 and the connecting means 50. This procedure 
permits a memory expansion for the computer during opera- 
tion. 

[0038] Addition reporting means 30 for reporting an addi- 
tion of parts to the computer may be implemented using a 
switch corresponding to each added parts. In the example of 
FIG. 1, if individual switches are provided to represent ports 
0, 1 and 2, it is possible to determine which port is to be 
logically connected or disconnected to or from the corre- 
sponding part by suitably setting the switches. Given a 
report about an addition from the addition reporting means 
30, the coimection managing means 40 updates the man- 
agement information 41 so that the corresponding part is 
logically connected. 

[0039] The addition reporting means 30 may be imple- 
mented by use of an input/output device comprising a 
program running on the processor 10, a keyboard, and a 
display unit. Illustratively, a character string may be input 
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from the keyboard to alter that management information 41 
in the connection managing means 40 which corresponds to 
the processor 10. The addition reporting means 30 thus 
practiced is as effective as the theoretical setup discussed 
above. Although the addition reporting means 30 is incor- 
porated in the connecting switch SO in the example of FIG. 
1, this is not limitative of the invention; the addition report- 
ing means 30 may be furnished independently of the con- 
necting switch. 

[0040] In the example of FIG. 2, the processor 10 and the 
main memory 20 are both logically connected to the con- 
necting switch 50 upon initialization. At this stage, the added 
main memory 60 is not physically connected yet. The range 
of memory resources that may be accessed by the processor 
10 is retained in main memory management information 21 
within the main memory 20. As shown in FIG. 2, the main 
memory management information 21 is made of an available 
start address 22 and an available end address 23. The 
available start address 22 denotes the top address that may 
be accessed by the processor 10, and the available end 
address represents the last address accessible by the proces- 
sor 10. 

[0041] Below is a description of the processing that takes 
place when a memory is added to the information processing 
apparatus in operation. The added main memory 60 shown 
in FIG. 1 is first connected to the connecting switch 50. In 
this state, port 2 is kept logically disconnected from the 
added main memory 60 by the connection managing means 
40. Thus even if electrical noise is generated by a physical 
connection of the added main memory 60 to the connecting 
switch 50, the system remains free from adverse effects of 
the noise. Upon elapse of a predetermined period of time 
following the physical connection of the added main 
memory 60 to the connecting switch 50, an electrically 
stable state occurs. Once that stable state is reached, the 
addition reporting means 30 reports additional insertion of 
the added main memory 60 to the connection managing 
means 40. The report caiises the connection managing 
means 40 to set to "ON"* the connection status of port 2 in 
the management information 41. This process logically 
connects the connecting switch 50 to port 2 that is coupled 
to the added main memory 60. The connecting switch 50 
allows each of the configured ports to be connected or 
disconnected as needed. When port 2 is disconnected to 
permit eventual insertion of the added main memory 60, the 
remaining ports may stay connected. This means that the 
processor 10 can gain access to the main memory 20 while 
the memory adding process is in progress. 

[0042] The processor 10 then initializes the added main 
memory 60 and checks an available memory size. FinaUy, 
the processor 10 raises the available end address 23 in the 
main memory management information 21 (shown in FIG. 
2) by an amount reflecting the additionally installed 
memory. This allows the processor 10 to access the added 
main memory 60. 

[0043] FIG. 3 schematically outlines a constitution of a 
computer as another information processing apparatus 
embodying the invention. In FIG. 3, a processor 10, a main 
memory 20 and bus controlling means 70 are connected to 
a bus 80. The Qted Reference 2 or 3 may be referred to for 
techniques regarding hot-line insertion and removal in con- 
nection with this apparatus. 



[0044] An added main memory 60 is not connected upon 
power-up; the memory 60 is connected to the bus 80 after the 
system has started operating. 

[0045] In the above setup, connecting the added main 
memory 60 to the bus 80 can trigger electrical noise on the 
bus 80; the noise needs to be averted using bus controlling 
means 70, The processor 10, main memory 20 and added 
main memory 60 are identical to those shown in FIG. 1 
except that they are interconnected by a bus structure. 
Illustratively made of TTL or CMOS logic circuits, the bus 
controlling means 70 is a feature that provides bus arbitra- 
tion between components connected to the bus. The bus 
controlling means 70 teUs each of the components connected 
to the bus whether or not to receive a signal over the bus as 
acceptable information. 

[0046] Below is a description of the processing that takes 
place when a memory is added to the computer of FIG. 3. 
The noise that can be generated on the bus 80 upon con- 
nection of the added main memory 60 to the bus 80 is 
avoided as follows: addition reporting means 30 first reports 
to the bus controlling means 70 the connection of the added 
main memory 60 to the bus 80. In turn, the bus controlling 
means 70 instructs each component on the bus 80 not to 
accept information from the bus 80. In controlling connec- 
tion and disconnection of each of the components on the bus 
80, the bus controlling means 70 switches the connection 
and disconnection of the entire bus. The added main 
memory 60 is then connected to the bus 80. Upon elapse of 
a period of time allowing for the noise from connecting the 
memory 60 to the bus 80 to disappear, the addition reporting 
means 30 reports to the bus controlling means 70 the 
availability of signal exchanges over the bus 80. In this 
manner, a memory may be added to the computer during 
operation with no adverse effects of the connection-related 
noise reaching the components coimected to the bus 80. 

[0047] Thereafter, the processor 10 initializes the added 
main memory 60 and checks an available memory size. 
Finally, the processor 10 extends an available end address 23 
in main memory management information 21 by an amount 
reflecting the additionally installed memory. This allows the 
processor 10 to start accessing the added main memory 60. 

First Embodiment 

[0048] FIG. 4 is a block diagram of a computer 100 
practiced as the first embodiment of the invention. In its 
minimum configuration, the computer 100 comprises a 
processor 110, a nonvolatile memory 120, an I/O device 130, 
a secondary storage device 140, a first memory 200-1, a 
second memory 200-2 and bus controlling means 70, all 
connected to a system bus 150. In this example^ only the first 
memory 200-1 is installed upon power-up and the second 
memory 200-2 is connected during operation following the 
power-up. It should be noted that according to the invention, 
there are no limits to the number of memories installed or to 
be installed at the time of or following power-up. In the 
ensuing description of system configurations, the memories 
will be referred to individually as the first and second 
memories 200-1, 200-2, or generically as die memory 200. 

[0049] In some configurations, the computer 100 may 
include two or more I/O devices 130. 

[0050] The processor 110 is illustratively a CPU. The 
nonvolatile memory 120 is a memory such as a ROM or a 
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baltery-powered RAM that retains its contents when a main 
power supply remains inactive. The ROM is preferably an 
EEPROM (Electrically Erasable Programmable Read Only 
Memory). The nonvolatile memory 120 comprises firmware 
121 and configuration information 122. 

[0051] The firmware 121 is made of a program for carry- 
ing out system initialization and basic input/output control. 
The configuration information 122 describes the current 
system configuration and is referenced by means of the 
firmware 121. The configuration information 122 includes 
real memory size information 123 indicating a currently 
installed memory size and expandable memory information 
124 specifying an expandable memory information. The 
configuration information 122 is established through a set- 
ting menu of the firmware 121 and by a utility 142. Before 
the configuration information 122 is set or modified, restric- 
tions associated with an operating system (OS) 141 in place 
should preferably be checked. The utility 142 is provided as 
an ordinary program. 

[0052] The I/O device 130 is used to carry out input and 
output operations. Illustratively, a keyboard, a display imit, 
a printer and a network may constitute the I/O device 130. 

[0053] The secondary storage device 140 retains its con- 
tents while the main power supply is being turned off. 
Illustratively, the storage device 140 may be a hard disk 
drive, an optical device such as a CD-ROM drive, a mag- 
neto-optical disk drive such as an MO drive, or a magnetic 
tape device. The secondary storage device 140 accommo- 
dates the OS 141, utility 142 and data 143. 

[0054] The memory 200 comprises a memory bus inter- 
face 210 and a storage facility 220. Illustratively made of 
TTLor CMOS logic circuits, the memory bus interface 210 
allows contents of the storage facility 220 to be input and 
output via the bus. The memory bus interface 210 also has 
a hot-line insertion and removal function that may be 
implemented illustratively by use of the PCMCIA tech- 
niques mentioned in connection with the related art. 

[0055] The storage facihty 220 is iUustratively a RAM. A 
first storage facility 220-1 for the first memory 200-1 
includes an OS region 240 used by the operating system and 
a user region 230 for use by a user program. The OS region 
240 has resource management information 250 which in turn 
includes main memory management information 21. The 
second memory 200-2 comprises a second storage facility 
220-2 and a user region 230-2 used by a user program. The 
bus controlling means 70 and addition reporting means 30 
are identical to those shown in FIG. 3. 

[0056] An initializing process of the computer will now be 
described with reference to FIG. 5. In step 310, the firmware 
121 initializes the processor 110. In step 320, the firmware 
121 initializes the memory 200. The initializing steps allow 
the processor 110 normally to write and read data to and 
from the memory 200. In step 330, the firmware 121 
initializes the I/O device 130 and secondary storage device 
140. In step 340, the firmware 121 reads the OS 141 from the 
secondary storage device 140 and writes the OS 141 to the 
memory 200. In step 350, the processor 110 passes control 
from the firmware 121 to the OS 141. In step 360, the OS 
141 using the firmware 121 reads the configuration infor- 
mation 122 in order to prepare the resource management 
information 250. This completes the initializing process. 



[0057] For normal operation, programs are generally run 
in the user region 230. The OS region 240 is allocated in the 
memory 200 that was connected upon power-up. In starting 
a program, the OS 141 generally references the main 
memory management information 21 included in the 
resource management information 250 so as to verify an 
available memory region. If the memory size required for 
start-up of the program is found to be greater than the 
currently available memory size, the OS 141 caimot start the 
program. 

[0058] A memory adding process of the computer will 
now be described with reference to FIG. 6 In step 405, the 
addition reporting means 30 requests the bus controlling 
means 70 to close the bus 150. In step 408, the bus 
controlling means 70 closes the bus 150 accordingly. In that 
state, the connected components do not regard electrical 
signals on the bus 150 as logical signals and are thus free 
from adverse effects of electrical noise stecaiming from 
eventual insertion of the second memory 200-2 onto the bus 
150. In step 410, the second memory 200-2 is connected to 
the bus 150. In some cases, this step completes the coimect- 
ing process, whereupon it is necessary to wait for the 
connection-related noise to disappear. 

[0059] In step 415, the addition reporting means 30 is 
controlled to request the bus controlling means 70 to open 
the bus 150. In step 418, the bus controlling means 70 opens 
the bus 150 accordingly. At this stage, the components in the 
system may gain access to one another over the bus. 

[0060] In step 420, the processor HO starts the utihty 142 
which in turn activates the firmware 121. The firmware 121 
initializes the newly added second memory 200-2 in step 
430 on the basis of the expandable memory information 124 
included in the configuration information 122. 

[0061] The utility 142 may be started in a number of ways: 
it may be started by an interruption issued by a bus interface, 
not shown, of the second memory 200-2 to the processor 110 
when the second memory 200-2 is connected to the bus ISO. 
Alternatively, the utility 142 may be started by a patrol 
program activated automatically at constant intervals. The 
utility 142 may otherwise be started by a user who enters a 
command. 

[0062] Thereafter, based on the added memory size, the 
processor 110 updates the real memory size information 123 
within the OS region 240 in the first memory 200-1. The 
processor 110 then passes control from the firmware 121 
back to the utility 142. In step 440, the utility 142 calls up 
the OS 141. In turn, the OS 141 causes the firmware 121 to 
acquire the real memory size information 123 and to update 
the main memory management information 21. This com- 
pletes the memory adding process. In the above process 
where the processor 110 started the utility 142 which in turn 
called the firmware 121 (i.e., in step 420), the processor 110 
should preferably create and leave records about any 
memory expansion that may have been made in the second- 
ary storage device 140 or nonvolatile memory 120. 

[0063] Because the information after addition of the 
memory is retained in the main memory management infor- 
mation 21 under OS management (step 440), the added 
memory can be utilized by a user program that is started 
upon completion of the memory adding process. The main 
memory management information 21 is structured ilhistra- 
dvely as shown in FIG. 2. 
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[0064] FIG. 4 depicts an example in which components of 
the computer are interconnected via a bus structure. Alter- 
natively, these components may be interconnected by use of 
the connecting switch shown in FIG. 1. 

[0065] Described below with refcreace to FIG. 7 is how 
the invention may be applied to a computer that supports a 
virtual memory system. FIG. 7 schematically shows the 
main memory management information 21 used for virtual 
memory control. To perform virtual memory control 
involves supplementing the data of FIG. 2 (available start 
address 22 and available end address 23) constituting the 
main memory management information 21 with an untrans- 
latable start address 24, an untranslatable end address 25, 
logical-physical address translation pairs 26, and a free list 
27. The untranslatable start and end addresses designate a 
region that is not subject to address translation. The logical- 
physical address translation pairs 26 contain ioformation for 
converting a given logical address to its corresponding 
physical address under virtual memory control. The free list 
27 includes information for managing available memory 
resources. Techniques about software for virtual memory 
control are disclosed illustratively in "Architecture of UNIX 
Kernel Magic System V, Release 4," pp. 80-85, by Barney 
Goodheart and James Cocks, translated by Takashi 
Sakuragawa and published by Prentice Hall Publishing 
(Cited Reference 4). This publication describes techniques 
for installing an operating system involving virtual memory. 
In implementing a virtual memory system, the processor 110 
is required to translate virtual addresses to physical 
addresses using logical-physical address translation pairs as 
discussed in the Cited Reference 4. Many processors 110 
designed to perform virtual memory operations incorporate 
hardware resources called a TLB (Translation Look-aside 
Buffer) to perform the translation fast. Since the TLB 
generally does not have a sufficient capacity to cover the 
entire main memory, most of the logical-physical address 
translation pair information must reside in the main memory, 
tf no address translation information exists in the TLB, the 
processor needs to acquire the information from the main 
memory usually in the form of interrupt handling. During 
interrupt handling, interruptions of the same priority are 
queued before they are serviced, whereas any address trans- 
lation pairs should be acquired without generation of further 
interruptions. For that reason, the address translation pairs 
are retained in a region not subject to address translation. 
The untranslatable region is managed differently from the 
regions subject to address translatioiL As such, the unurans- 
latable region needs to be reserved in advance. The reserved 
region may comprise such structures as the logical-physical 
translation pairs 26 and the &ee list described in the Cited 
Reference 4. What is included in the reserved region differs 
from one operating system 141 to another in use. What 
follows is a description of the OS 141 reserving a region in 
which to retain illustratively the logical-physical address 
translation pairs 26 and the free list 27. The region reserving 
process is accomplished by adding a necessary data size to 
an area defined by the untranslatable start address 24 and 
untranslatable end address 25 designating the untranslatable 
region in FIG. 7. 

[0066] Described below in detail with reference to FIG. 8 
is how the logical-physical address translation pairs 26 and 
the addresses involved are managed. FIG, 8 shows the 
logical-physical address translation pairs 26 in conjunction 
with data arrangements in the main memory. They are effect 



when the computer of FIG. 4 has for its first memory 200-1 
a memory size ranging from address 0x0 to address 
0x80000000, and has for its second memory 200-2 a 
reserved expandable memory size ranging from address 
0x80000000 to address 0x100000000. The logical-physical 
address translation pairs 26 reside in the main memory 
management information 21 inside the OS region 240, i.e., 
a region not subject to address translation. In the example of 
FIG. 8, the untranslatable region ranges fi'om address 0 to 
address 0x2000000. In FIG. 7, the untranslatable start 
address 24 is set to address 0 and the untranslatable end 
address 25 to 0x2000000. Only tbe first memory (200-1 in 
FIG. 4) is accessible before memory expansion, and the 
available memory size ranges from address 0 to address 
0x80000000. Thus in FIG. 7, the available start address 22 
is set to address 0 and the available end address 23 to 
0x80000000. After memory expansion, the first and the 
second memories (200-1 and 200-2 in FIG. 4) are made 
available for use. Then the available memory size ranges 
from address 0 to address 0x100000000. As a result, the 
available end address 23 in FIG. 7 is set to address 
0x100000000. 

[0067] It is necessary to reserve beforehand a region for 
the second storage facility 220-2 planned to be added. 
Because the reserved region must exist inside a storage 
facility in effect upon power-up, that region needs to be 
allocated in the first storage facility 220-1. 

[0068] When such a region is reserved, the user region is 
reduced by an amount that would have been made available 
if the region had not been set aside. It is therefore desirable 
for the computer to present guidelines by which to determine 
the size of the region to be reserved. Below is a description 
of what the utility 142 does when a region is to be reserved. 

[0069] A region reserving process performed by the utility 
142 is described below with reference to FIG, 9. In step 510, 
the utility 142 calculates a monopolized main memory size 
required with respect to a virtual memory size to be 
reserved. The calculations are performed either by checking 
source programs of the OS 141 or by providing a system call 
that serves as an interface through which the OS 141 carries 
out reporting. Either way, the calculating step is imple- 
mented through preparation of a utility based on checks of 
the internal structure of the OS 141. Information about 
PA-RISC logical-physical address translation pairs 252 is 
disclosed illustratively in "PA-RISC 2.0 ARCHITECrURE" 
by Gerry Kane, pp. 3-9 to 3-16, published by Prentice Hall 
Publishing (Cited Reference 5). This publication discuses 
hardware and software resources needed to implement vir- 
tual memory schemes. As described in the Cited Reference 
5, the information about the logical-physical address trans- 
lation pairs 252 shown in FIG. 7 is composed of 32 bytes for 
each page (e.g., of 4 kilobytes). That size varies from one 
operating system 141 to another being used; the information 
may or may not be constituted exacdy by 32 bytes per page 
with PA-RISC 2.0. The free list may be composed illustra- 
tively of 8 bytes per page if the list accommodates addresses 
representing the address translation pair information. The 
size of the free list may also vary from one operating system 
141 to another in use. The memory size for the utility 142 
and other necessary resources is calculated in accordance 
with the OS 141 that is used. 

[0070] In step 520, the utility 142 determines a reservable 
upper limit based on a currently installed memory size and 
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on the results obtained in step 510. A minimally required 
memory size is defined for each operating system in 
advance. To have the OS 141 function normally requires that 
the cunent memory size minus the memory size represent- 
ing a page structure of the added memory be at least equal 
to the minimally required memory size. A comparison is 
made between two values: one value is an added memory 
size determined so that the currently installed memory size 
minus the memory size representing the page structure of the 
added memory may become the minimum memory size; the 
other value is the maximum expandable memory size of the 
system minus the currendy installed memory size. Of the 
two values compared, the smaller value is regarded as a 
maximum value that may be set to the expandable memory 
information 124; value zero is taken as a minimum value 
that may be set to the expandable memory information 124. 
The page structure signifies a data region for page manage- 
ment. With this invention, the page structure is made up of 
the logical-physical address translation pairs 26 and free list 
27 shown in FIG. 7. 

[0071] In step 530, the utility 142 allows the user to select 
a value within the range of sizes defined above, and estab- 
lishes the selected value. The value thus established is 
preferably written as a file to the secondary storage device 
140 so that the value may be referenced by the utility 142. 

[0072] Finally in step 540, the utility 142 sets to the 
expandable memory information 124 the value determined 
in step 530. FIG. 10 shows an interface used to carry out the 
memory setting. As shown in FIG. 10, the I/O device 130 
displays a maximum and a minimum expandable memory 
size 1010, a recommended additional memory size 1020, 
and an added memory size input field 1030. Interface 
arrangements may be made so that entries through the added 
memory size input field 1030 are allowed to vary only 
between the maximum and the minimum expandable 
memory sizes, for example, by shifting a cursor upwards or 
downwards, with a selected value entered by a retiurn key 
operation. Such arrangements will prevent any abnormal 
value from being entered through the added memory size 
input field 1030. 

[0073] It is preferred thai users be offered information 
specifying recommended system configurations such as 
memory sizes and the number of processors, as well as 
recommended expandable memory sizes contingent on the 
objective of the system. For example, half of a maximum 
value that may be set to the expandable memory information 
124 is offered as a recommended expandable memory size. 

[0074] Initialization of a computer implementing virtual 
memory is described below. The basic flow of processing is 
the same as that described with reference to FIG. 5, except 
for some variation in step 360. That is, in preparing the 
resource management information in step 360, the OS 141 
allocates inside the untranslatable region a data area for the 
logical-physical address translation pairs 26 corresponding 
to an expandable memory region as well as for the free list 
27. For any unavailable area, the OS 141 using the firmware 
121 acquires the real memory information 123 and expand- 
able memory information 124 from inside the configuration 
information 122. With regard to the memory defined by what 
is contained in the expandable memory information 124, the 
OS following its normal initialization reserves resources 
using page lock techniques for page structures described in 



the Cited Reference 4, with no entry made into the free list 
27. This puts the above-defined memory area out of the 
range of control and management by the OS for data region 
allocation. As a result, resources for the information about 
the added memory are reserved so that the corresponding 
memory regions are made unavailable for general use. Tb 
reserve resources signifies that, with the page structiure for 
the expandable memory placed in an untranslatable region, 
the number of addresses between the untranslatable start 
address 24 and the imtranslatable end address 25 is increased 
by the memory size corresponding to the page structure for 
the expandable memory. 

[0075] How a memory is added to a computer implement- 
ing virtual memory is described below. The basic flow of 
processing is the same as that described with reference to 
FIG. 6, except for some variation in step 440. That is, when 
the utility 142 calls the OS in step 440, the OS in turn 
reserves resources using the page lock techniques for page 
structures described in the Cited Reference 4, with no entry 
made into the free list 27. This cancels the status of the 
memory area being moved out of the range of control and 
management by the OS for data region allocation, and the 
main memory management information 21 is updated. The 
step brings about a state equivalent to the normal memory 
presence, whereby the system is made usable without 
another initialization. 

Second Embodiment 

[0076] In practicing the second embodiment, the inventors 
considered a computer which has functions for detecting 
failures of the memory 200 and for closing a failed memory 
portion and which is booted if the normally operating 
memory size minus the failed memory portion is at least 
equal to a minimum memory size needed to boot the OS (as 
discussed with reference to FIG. 9). Equipped with a 
memory adding function, such a computer may have its 
utility 142 allocate a management region for an expandable 
memory. In that case, a shortage of the normally operating 
memory size can prevent the computer from being booted. 
That is, there is a possibility that a computer that was usable 
when its memory adding function was not in use may 
become unusable when that function is employed. 

[0077] The problem above is circumvented by the second 
embodiment of this invention wherein, if the normally 
operating memory size in effect at the time of setting an 
expandable memory size is less than the normally operating 
memory size at the time of booting, the expandable memory 
size setting is invalidated. The computer is then booted with 
the expandable memory size set to zero. 

[0078] The second embodiment will now be described in 
more detail. FIG. 11 is a structure diagram of a nonvolatile 
memory used by the second embodiment and comparable to 
the nonvolatile memory 120 of the first embodiment in FIG. 
4. For the second embodiment, the contents of the nonvola- 
tile memory 120 are supplemented with normally operating 
memory size information 125 at the time of the memory 
information setting. The normally operating memory size 
information 125 is the information in effect when the user 
sets an expandable memory size to the expandable memory 
size information 124. 

[0079] FIG. 12 is a flowchart of steps constituting a region 
reserving process performed by the second embodiment. 
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The flowchart is a variation of what is shown in FIG. 9 for 
the first embodiment, supplemented by step 550 for setting 
normally operating memory size information 125 in effect at 
the time of memory information setting. In step 550, the user 
sets the currently effective normally operating memory size 
to the normally operating memory size information 125 in 
effect at the time of the memory information setting. 

[0080] FIG. 13 is a flowchart of steps constituting an 
initializiog process performed by the second embodiment. 
The flowchart is a variation of the flowchart in FIG. 5 for the 
first embodiment, supplemented by step 325 added after step 
320 for memory initialization. In step 325, the firmware 121 
sets the expandable memory size infonnation 124. 

[0081] FIG. 14 is a detailed flowchart of step 325 in FIG. 
13 for setting the expandable memory size information 124. 
la step 610y the firmware 121 compares the normally oper- 
ating memory size information 125 in effect at the time of 
the memory information setting, with the normally operating 
memory size at the time of booting. The compared sizes 
differ from each other, step 620 is reached. If the two sizes 
ate identical, the processing is terminated. In step 620, value 
0 is set to the expandable memory size information 124. 

[0082] The interface with the other portions of the com- 
puter concerns the expandable memory information 124. 
This means that these portions of the computer of the second 
embodiment are the same with those of the first embodi- 
ment. 

Third Embodiment 

[0083] In practicing the third embodiment, the inventors 
considered a computer which has functions for detecting 
failures of the memory 200 and for closing a failed memory 
portion and which is booted if the normally operating 
memory size minus the failed memory portion is at least 
equal to a minimum memory size needed to boot the OS (as 
discussed with reference to FIG. 9). Computers of this type 
are characterized by the fact that their normally operating 
memory size can vary. This poses two problems in estab- 
lishing an expandable memory size. 

[0084] The first problem is that because any size of a 
management region designated for the expandable memory 
is allocated unchecked, a shortage of the normally operating 
memory size can occur. The memory shortage can prevent 
the computer from getting booted. The second problem is 
this: if a memory failure occurs following the setting of the 
expandable memory size, the sum of the normally operating 
memory size and the expandable memory size (called the 
total memory size) will become smaller than the total 
memory size at the time of the memory size setdng. 

[0085] In resolving the two problems above, the third 
embodiment uses the utility 142 to calculate an expandable 
memory size at the time of booting. There are two require- 
ments for the calculation: (1) the normally operating 
memory size minus the management region for the expand- 
able memory should not be less than die minimally required 
memory size; and (2) the expandable memory size should be 
set with a maximum available size not greater than {total 
memory size- normally operating memory size}. 

[0086] It is required that the normally operating memory 
size minus the management region for the expandable 
memory be at least as large as the minimally required 



memory size. That requirement is defined by three sizes: a 
minimally required memory size, a memory page size, and 
a management region size per page. 

[0087] The third embodiment will now be described in 
more detail. Below is an example in which a total memory 
size of 8 gigabytes is needed. There are two conditions to be 
met when the normally operating memory size minus the 
management region for the expandable memory needs to be 
at least as large as the minimally required memory size. The 
first condition is that the memory adding function is allowed 
to be used only if the normally operating memory size at the 
time of booting is at least "x" pages ("x**, is an integer and 
one page makes up 4 kilobytes). The second condition is that 
the expandable memory size must not exceed the normally 
operating memory size at the time of booting multiplied by 
a factor of "y" ("y" is a floating-point number). The two 
conditions may be described as the following two expres- 
sions: 

[0088] Normally operating memory size^"x" pagps . . . 
(Expression 1) 

[0089] Expandable memory size^"y** x normally operat- 
ing memory size . . . (Expression 2) 

[0090] FIG- 15 is a structure diagram of a nonvolatile 
memory for use by the third embodiment and comparable to 
the nonvolatile memory 120 of the computer in FIG. 4, For 
the third embodiment, the contents of the nonvolatile 
memory 120 are supplemented with a total memory size 
126, a normally operating memory size lower limit 127, and 
a limit 128 to a maximum ratio between an expandable 
memory size and the normally operating memory size. The 
utility 142 sets to the total memory size 126 the sum of the 
normally operating memory size and the expandable 
memory size. For the third embodiment, the sum denotes 
32-bit integer memory regions designated in terms of 4-ki- 
lobyte pages. The utility 142 sets to the normally operating 
memory size lower limit 127 a normally operating memory 
size that is minimally required for the use of the memory 
adding function. For the third embodiment, the limit 127 
denotes 32-bit integer memory regions designated in terms 
of 4-kilobyte pages. As the limit 128 to the maximum ratio 
between the expandable memory size and the normally 
operating memory size, the utility 142 specifies a maximum 
ratio between the currently expandable memory size and the 
normally operating memory size. For the third embodiment, 
the limit 128 to the maximum ratio between the expandable 
memory size and the normally operating memory size 
denotes a region in which to store 32-bit floating-point 
number. The third embodiment does not allow the user 
directly to designate the expandable memory information 
124. 

[0091] FIG. 16 is a flowchart of steps constituting a 
process allowing the user to designate configuration infor- 
mation. In step 710, the utility 142 places a total memory 
size requested by the user into the corresponding region 
(total memory size information 126) inside the nonvolatile 
memory 120. For example, if the user requests a total 
memory size of 8 gigabytes, the utility 142 sets a value of 
0x200000 representing 2-megabyte pages to the total 
memory size information 126. In step 720, the utility 142 
sets a user-designated normally operating memory size 
minimally required to permit memory expansion to the 
correq)onding region (normally operating memory size 
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lower limit 127) within the nonvolatile memory 120. Illus- 
tratively, if the user designates 1 gigabyte as the minimally 
required normally operating memory size, then a value of 
0x40000 representing 256-kilobyte pages is set to the nor- 
mally operating memory size lower limit 127. Finally in step 
730, the utility 142 sets a user-designated maximum ratio 
between the expandable memory size and the normally 
operating memory size to the corresponding region (limit 
128 to the maximum ratio between the expandable memory 
size and the normally operating memory size) inside the 
nonvolatile memory 120. For example, if the user designates 
a maximum ratio of 4.0, the utility 142 establishes the vahie 
4.0 as the limit 128 to the maximum ratio between the 
expandable memory size and the nonnally operating 
memory size. 

[0092] Unlike the region reserving process of FIG. 9, the 
process of FIG. 16 for permitting user designation of 
configuration information does not allow the user directly to 
specify the expandable memory information 124. Instead, 
the user directly designates the total memory size 126, i.e., 
the sum of the normally operating memory size and the 
expandable memory size. 

[0093] As with the second embodiment^ the computer of 
the third embodiment is initialized in accordance with the 
initializing process of FIG. 13. In step 325, the firmware 121 
establishes expandable memory information 124. 

[0094] FIG. 17 is a flowchart of steps constituting a 
process of setting expandable memory information 124 
performed by the third embodiment, the process detailing 
operations making up step 325 in FIG. 13 performed by the 
second embodiment. In step 810, the firmware 121 compares 
the normally operating memory size lower limit in the area 
127 with the normally operating memory size in effect at the 
time of booting. If the normally operating memory size at 
the time of booting is the smaller of the two values, step 840 
is reached. If, as described, 256-kilobyte pages have been 
designated (for 1 gigabyte) as the minimally required nor- 
mally operating memory size, the firmware 121 verifies 
whelJier the Expression 1 is satisfied. If the nonnally oper- 
ating memory size at the time of booting is less than 1 
gigabyte, step 840 is reached. If the normally operating 
memory size is at Least equal to the minimally required 
normally operating memory size, then step 820 is reached. 
Id step 820, the firmware 121 checks to see if: 

[0095] {total memory size-normally operating memory 
size at the time of bootiog}/normally operating memory size 
at the time of booting^ maximum ratio 

[0096] If the result of the check in step 820 is negative, 
step 850 is reached; if the result is affirmative, step 830 is 
reached. The total memory size is the value held in the total 
memory size information 126 shown in FIG. 15. The 
maximum ratio is the value stored in the limit 128 to the 
maximum ratio between the expandable memory size and 
the normally operating memory size indicated in FIG. 15. If 
the designated maximum ratio is 4.0 as described above, the 
firmware 121 verifies whether the Expression 2 is satisfied. 
That is, a check is made to see if: 

[0097] {total memory size -normally operating memory 
size at the time of booting} /normally operating memory size 
at the time of booting^4.0 

[0098] Step 830 is reached only if both the normally 
operating memory size lower limit and the limit to the 



maximum ratio are met. In step 830, the firmware 121 sets 
{total memory size -normally operating memory size at the 
time of booting} to the expandable memory information 
124, and terminates the expandable memory information 
setting process. If the normally operating memory size lower 
limit is not met, step 840 is reached. In step 840, the 
firmware 121 sets zero to the expandable memory informa- 
tion 124 before terminating the expandable memory infor- 
mation setting process. In other words, the firmware 121 
inhibits memory expansion upon judging that the main 
memory management information 21 cannot be secured for 
the memory to be added. If the normally operating memory 
size lower limit is met but the limit to the maximum ratio is 
not satisfied, step 850 is reached. In step 850, the firmware 
121 reduces the expandable memory size so that the litnit to 
the maximum ratio will be satisfied More specifically, the 
firmware 121 sets 

[0099] {normally operating memory size at the time of 

boolingxmaximum ratio} 

[0100] to the expandable memory infonnation 124 and 
termiaates the process. If the limit 128 to the maximum ratio 
between the expandable memory size and the normally 
operating memory size is set for 4.0 as described above, the 
firmware 121 sets a value four times the normally operating 
memory size to the expandable memory information 124. 

[0101] The interface with the other portions of the com- 
puter concerns the expandable memory information 124. 
This means that these portions of the computer of the third 
embodiment are the same with those of the first embodi- 
ment. 

[0102] Although the Expressions 1 and 2 were presented 
above as conditional expressions to be met in terms of the 
expandable memory size and the normally operating 
memory size, this is not limitative of the inv^tion. This 
invention also applies when other conditional expressions 
are suitably employed. 

[0103] While preferred embodiments of the invention 
have been described using specific terms, such description is 
for illustrative purposes only, and it is to be understood that 
changes and variations may be made without departing from 
the spirit or scope of the following claims. 

What is claimed is: 

1. A memory managing method for use with an informa- 
tion processing apparatus comprising a first memory and a 
processor for processing information held in said first 
memory, said information processing apparatus further 
allowing a second memory to be added thereto while being 
powered, said memory managing method comprising the 
steps of: 

connecting said processor to at least one of said first and 
said second memories; 

storing sizes of said first and said second memories 
connected to said processor; and 

storing information about whether or not each of said first 
and said second memories is connected to said proces- 
sor. 

2. A memory managing method according to claim 1, 
further comprising the steps of: 
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causing said processor to update the stored memory sizes 
when said second memory is added to said information 
processing apparatus; and 

storing all sizes of the memories connected to said pro- 
cessor. 

3. A memory managing method according to claim 1, 
further comprising the steps of: 

reserving in said first memory a management region 
necessary for adding said second memory; 

retaining information for reserving said management 
region in said first memory; and 

causing said processor to update said management region 
based on the retained information; 

whereby said processor is allowed to use said second 
memory. 

4. A memory managing method according to claim 3, 
further comprising the steps of: 

calculating, when storing the size of said second memory 
to be added, both the size of said management region 
which is needed with respect to the size of said second 
memory and which is reserved in said first memory, and 
a memory size that may be added; and 

establishing tbe calculated memory size as an expandable 
memory size. 

5. A memory managing method according to claim 4, 
further comprising the step of reserving said management 
region in said first memory on the basis of the size of said 
second memory to be added. 

6. A memory managing method according to claim 4, 
further comprising tbe steps of: 

displaying an indication prompting input of a memory 
size within the calculated expandable memory size; and 

establishing the input memory size as an expandable 
memory size. 

7. A memory managing method according to claim 3, 
further comprising the steps of: 

retaining information for reserving in said first memory 
said management region necessary for adding said 
second memory; and 

retaining a memory size necessary for starting said infor- 
mation processing apparatus when said second memory 
is added. 

8. A memory managing method according to claim 4, 
further comprising tbe steps of: 

comparing the memory size necessary for starting said 
information processing apparatus before said second 
memory is added, with the memory size required to 
start said information processing apparatus after said 
second memory has been added; and 

invalidating the addition of said second memory if the 
memory size required to start said information process- 
ing apparatus after said second memory has been added 
is found to be-greater than the memory size necessary 
for starting said information processing apparatus 
before said second memory is added. 

9. A memory managiag method according to claim 4, 
further comprising tbe steps of: 



comparing the memory size necessary for starting said 
information processing apparatus before said second 
memory is added, with the memory size required to 
start said information processing apparatus afier said 
second memory has been added; and 

adding part of the size of said second memory to said 
information processing apparatus if the memory size 
required to start said information processing apparatus 
after said second memory has been added is found to be 
greater than the memory size necessary for starting said 
information processing apparatus before said second 
memory is added, so that the memory size after the 
addition of said second memory will become less than 
the memory size before the addition of said second 
memory. 

10. A memory managing method according to claim 4, 
further comprising the step of displaying said expandable 
memory size while said information processing apparams is 
operating. 

11. A memory managing method according to claim 4, 
further comprising the step of displaying the size of the 
memory added while said information processing apparatus 
is operating. 

12. A memory managing method for adding a second 
memory to an information processing apparatus comprising 
a first memory, said memory managing method comprising 
the steps of: 

establishing a total memory size for said information 
processing apparatus; 

calculating a size of an actuaUy installed memory of said 
information processing apparatus when said informa- 
tion processing apparatus is started; 

allocating in said first memory a memory management 
region based on said total memory size; 

establishing management information about said actually 
installed memory; 

calculating as an expandable memory size a difference 
between said total memory size and the size of said 
actually installed memory when said second memory is 
added while said information processing apparatus is 
operating; and 

establishing memory management information about said 
expandable memory size in said first memory. 

13. A storage medium storing a program for comprising 
the steps of: 

when a second memory is added to an information 
processing apparatus including a first memory, calcu- 
lating a size of a management region which is needed 
with respect to an added memory size and which is 
reserved in said first memory; 

calculating an expandable memory size that may be added 
while said information processing apparatus is operat- 
ing; and 

establishing said added memory size. 

14. A storage medium storing a program according to 
claim 13, wherein said program further comprises the steps 
ofc 



11/24/2003, EAST Version: 1,4.1 



us 2002/0029325 Al 



10 



Mar. 7, 2002 



displaying an upper and a lower limit of the calculated 
expandable memory size that may be added while said 
information processing apparatus is operating; 

allowing a value to be selected between said upper and 
said lower limits; and 

establishing the selected value as said added memory size. 

15. An information processing apparatus comprising: 

a first memory; 

a processor for processing information held in said first 
memory, said information processing apparatus further 
allowing a second memory to be added thereto while 

being powered; 

connecting means for connecting said processor to at least 
one of said first and said second memories; 

first storing means for storing sizes of said first and said 
second memories connected to said processor; and 

second storing means for storing information about 
whether or not each of said first aad said second 
memories is connected to said processor, 

16. An information processing apparatus according to 
claim 15, further comprising retaining means for retaining 
information for reserving in said first memory a manage- 
ment region necessary for adding said second memory; 

wherein said processor reserves said management region 
in said first memory; and 

wherein said processor updates said management region 
based on the retained information, thereby making use 
of said second memory. 

17. An information processing apparatus according to 
claim 15, wherein said processor calculates, when the size of 
said second memory to be added is stored, both the size of 
said management region whidi is needed with respect to the 
size of said second memory and which is reserved in said 
first memory, and a memory size that may be added; and 

wherein said processor establishes the calculated memory 
size as an added memory size. 

18. An information processing apparatus according to 
claim 15, wherein said processor compares the memory size 
□ecessary for starting said information processing apparatus 
before said second memory is added, with the memory size 
required to start said information processing apparatus after 
said second memory has been added; and 

wherein said processor invalidates the addition of said 
second memory if the memory size required to start 
said information processing apparatus after said second 
memory has been added is foimd to be greater than the 



memory size necessary for starting said information 
processing apparatus before said second memory is 
added. 

19. An information processing apparatus according to 
claim 15, wherein said processor compares the memory size 
necessary for starting said information processing apparatus 
before said second memory is added, with the memory size 
required to start said information processing apparatus after 
said second memory has been added; and 

wherein said processor adds part of the size of said second 
memory to said information processing apparatus if the 
memory size required to start said information process- 
ing apparatus after said second memory has been added 
is found to be greater than the memory size necessary 
for starting said information processing apparatus 
before said second memory is added, so that the 
memory size after the addition of said second memory 
will become less than the memory size before the 
addition of said second memory. 

20. An information processing apparatus for allowing a 
memory to be added thereto while being powered, said 
information processing apparatus comprising: 

a first memory; 

a processor for processing information held in said first 
memory; and 

establishing means for establishing a total memory size 
for said information processing apparatus; 

wherein said processor calculates a size of an actually 
installed memory of said information processing appa- 
ratus when said information processing apparatus is 

started; 

wherein said processor allocates in said first memory a 
memory management region based on said total 
memory size; 

wherein said processor establishes memory management 
information about said actually installed memory in 
said first memory; 

wherein said processor calculates as an expandable 
memory size a difiference between said total memory 
size and the size of said actually installed memory 
when said second memory is added while said infor- 
mation processing apparatus is operating; and 

wherein said processor establishes memory management 
information about said expandable memory size in said 
first memory. 

* * * ♦ * 
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